


f:(c(m (O 70%.  sc~~sitivity,  ICMOU(  lmisc, :IIICi  dyIjolllic  riIII~,C  [IIC sil[lil:lr  to [Ilc ( ’ [ ’ ] ) .  ‘J”lIUS  [IIC Al+ pcscrvcs tllc IIi:li
]Juforlll:lllc(!  of IIlc ( ’( ’1) but clill)itm(cs  tllc Ilccd  for tllc t) UldCll of :lilIIOSt pcrfcc[ C’Ilwp,  c’ (rilllsfcl  . ‘1’hc  AI’S tcc!lldof,y is
jw Ullclp,illf,  ill lIIC 1110S1 [Klv:lliuxi  il[l:lf,cr  l(lt)OIil[O1iUS ill  lapfltl  f(M a]y)lic;llio[t  [0 lli~ll-dclillili(]ll  (clcvisiorl  ( 1 1 1 ) ’ 1  V )  aIId

clcc[[o[lic  still  CaIIIeI:I<. a

l;O1 cardI  ard ~)l:iImt:lry  rclllc)tc.  scllsill[~,  al)ldica[iol)s, tllC1c  WC  ii br(md  Rillf,c O f  scicrllifimlly  illlpoItald
lIIc:IsulcIIIcIIl\  [0 k jII;I(lc  ill  ttw visit]lc  (() .4 -  () ,7 ill II ; Vis),  ]ie:lr  i[lfr:lrcd  (().’/  - 1.0 ; ~[r[l  NII{), :iIId  SIIOI(-W1:IV(:IC118,(II
illfrdld ( 1 . 0  -2.5 JIIII,  SWIR). ‘1’lIc  plillci~llc  rcaw)  fm tllc illlrmliot)cc  o f  [tic  wovclcIIfI,flI 11’[’,iotis  i s  tlI:It  tllcy  SII:III IIIC
lc~,ioll of lxnk solar  illulili[lalioll.  III [Ilis lc’~,ioll,  llIc plilllary  lJIIclIc)lIIclIc)lop,y  of itl(clcsl  is IIIC ~cnccmlcc  si~, fm(utc  of llIc
ill(cldc(l  lal~,ct,  IIi:illifc.s[cd  as ci[lu  blip,lltllCSS  Vdli;ltiolls,  Sl)cc[rdl  Icftcctollcc  Wiliflti(uls,  or boll], “J’lIc rII(lsl  coll]rllorlly
klK)wII  Sulwct of Il)is  fyoul) of aI)Jdic;lliotls  is tlIc sirll~)lc  clcc[rollic  il[laf,illg  syslcIII,  of wllic]l  sOIIIc  Vari{lllt  ]Ia< twcli 11OWII
011 viriunl]y  Cvcly  Scicrl[iflc  SIIXC  IIli.ssioll. IIll:lr,irlp,  SySU”lllS  lK’1 fCIIIII  a wide wit  ict y Of ill~pofl:u~t  lIic;IsuIu]IIc]Ils  J,.lnpillf,
f’ltll[l  a~scssillf,  tllc ovcl~Ill  I)lif,,lllllcss,  cmlllmsilioll, [11 Id t e x t u r e  of llIc sulf:Icc,  10 (lcducill~  :lllll[)SIdlCliC  (Icllsity  :Ill(i
culli])osi(iol).” A(i(li(ioll  o f  IIlullil]lc  sr)cctrill  frltcrs  IIOS illclcascd  (1IC  illfollll:l[i(~ri ICIIIIIIC(I lIy IIICSC sysIcIIIs.  ‘1’IIC
sol)llislico[i(~ll  of (Ii[ditiollal  illlnf,illp, sys[c  IIIS )I:l\ C} ’olvc(l  21011p,  a vulicly of IoLI(CSI illclcasc.(1  s~mti;it  Icsolu(iml (Of

]Xlliicul:ll  ill(cjcst  to [lIc ili[clligc[lcc  corll]l]ullity);  t][wtdcr  wavclcIIf,  [lI covcrdf,  c, Iml(icular]y  irl IIIC ill  frdrul; ard
iIICL)I  IKIIil[i(lll  o f  [l;l(li(ioll:~l  l: IlmdloIy  s])cc[ImcoJJy  tcclllliqucs  ill wllicll  Illalcli{lls  dr~: i(lcrltil]c(l  II Iluuf,lI t h e i r  u(lique
s~)cclIdl sigll:llurc.s,  ‘I”llis  l;t[(cr  trc!d lIas lc(l (o (tic cl II Cl f,c IICc o f  Ihc irll;l[~,irlp,  sl)ccllu  II Ic[Iy conccpl  [Icsclit}cd  carlicl.  ‘t’iw
S}}711<  ])tuvi(lcs  u ])alticul:lrly  fcl(ilc,  Ic:,io]l  fo[ lIcw arl(l  illlI]OI(211t  Sciell(ifrc  IIlc:lsl}r(:lllcll[$:  tllcrc  i s  Sulmtall!i:ll Im[uri[t
illulllilul(io[l  :tv:iil:ll)le  f[m(i  (lw suli;  ttlclc aIc  a  hod V21iCty  Of ll):\lCli:ll\  will] utliquc  sl)ccl  IiIl Sif,ll:{[utcs  ill  tltis T4.f,ioll;
aIId [l ICIU :IIL:  n V:llic[y o f  ]I):l(tlrc (Ic[cc  (or tccl]liolo:ics  av:lilat)lc, hlatly  (Iiffcr(’il[  ilistrulllc(lts  tIIU ill  (qmil(ioll  Or UIKICr

cotlstrucliwl  fof bolt]  cnrili  :111(1  ])lalwtary  fcIIIo(c  srllsill:,  ;l{)l)licatiotl s9”0

‘l”JIC IICC(IS  of III(;JAS illfr;lrcd  (It{)  :IIILIy c:l]l ][]:ikc  :1 sif,[liflc:lllt  i~ll[mct  011 tlw  illll]lclllcll(:l[iorl  :IIKI  ]llilli~{([lii~[l(iori
of sllil)lxuird  Su[vcilkillcc, lli~,llt  visiml,  ard c]llissio[]  SI)CC[IOSCOIIy i[tshu[llc~l(s  ill  SIIKC,  A  lowct  doIk  CUIIL.11[  li}]cm  fIIIay
ill tx)lll visit)ic  nlId, csl]ccidlly  11< sl)cct  I:Il Ic:gili]c, C(JlllJ);lriltf,,  lt~i(tl  ]1~,  (1(1’]  ’(1,  W,oul(l  ]ik(.ly  t)c tlic f,Ic[ll  irl[t,lcs[  ill  Itl(!  (Icsif,l}

of Scic!l(illc  lllilli:~(ulc. S])cctlol IIctcI, IIl:wlli[lc  visiw]  alId  stIl:il[  SctIsor a[]j]lico[iotl, Wllilc (tic dcvclo~)tllci][  of  o IIi:tl
[]ctfo]iil;j[l(c  2.5 ~1111  IIICi;IAS :LII;Iy  is  (lCpL:II(lCII[ 0 1 1  COII(IOI  of ];i([icL’-Illislilfl(cll  (Iu[ill:l,  Ill;l[c!i{ll  f, ILIuI(lI,  O(lICr w{IvclcIIp,(lI
SLICII  ii~ ] ,7 }1111  II I(; ;IAs  is  C(]l)si(lclud  mI 011-[  }Ic. -s]Ic](  Icclll]()]()+>,y.  ]11 ~) fil]Ci J)l C, 111-V  colll~wurld  sclrlic(~rduclol  lrl{lCli21
~ICINJ[lI is c:tsici  to Co[ltlc)l [l Illi  I I I-Vi tCI{l  Oly IIlo(cli:il  f, IUW’111. ht:llly  c[~lt]ll]clci:il cmll]mllics  )I:tvr succcssfu]]y  (lcvclq)c(t
CI)ILl\l:il f,li)will~. ICc}llliqucs  of ])i:gi) (Il]:llily  ]11-v  sc]llico[tduc(of”  ][l:ifcli:ils,  )vllilt:  cotltitluc[i  sltl]~mlt O f  2,5 }1111 ]II,fi:IAq
lIi:tlc Ji:ll dcvclol)i[]cl]l  w’ill bc Icquilt,(i  to J{’olirc [Ilc. ]KJ[cll[i:ll  fol Il]c fu(urc  Scic[l[irlc  aJII)licatio[l. hfmlolitllic  A1’S is all
:IJq Ilmcll lo ovclmlIIc.  tm[ll IIIC }tyl)ridi7:l[io[l  to a silic[m  liiul[iJ]lcxct  Imisc [o cl{:~t)lc  foc:il-~)l:il)c  aj)J)lic:ttiol]  :11)(1  tl]c txick  -
si(lc illutllil]:llic~ll  of [Iic visi[]lc  Ics]mIsc.  ill  two (Ii frlcl]sioll:ll  silicot] {I IIdy }lyl)licii~a(ioll  scl  Icl  IIc.

‘I”llis  ]MIIJCI dcscIilws  lIICio As Al]S(ic(cc[or  ticll[lolo:,y. Scc(io[t ? reviews IIIC Iw[clltiol  :Kiv:ui(:l:,us of tlw IiI[io As
illut:,illy, systc  III ;~< a ]mlcil[iol  lIy])c I s])rc[ral  i]ll:i:,ill~  sys,tc  III. SCC[ioIl  ~ (\ C\ Cli~)CS  ttlC k~y C(lllCCJ)tS  of t~lc  (! CSi~,ll  ~l(ld
ol)clil(io[l”  (If (’hlo S  ac[ivc  ~Jixcl  illlap,c  SC IISOIS.  Sccliwi  .1 dcscIit)cs  t!ic ~)lujcc[~(l  p,(Ml\,  l)l:lrls :iIId CII;  IilrII~,CS  Oq v,~cll  w
s(~IIIc ]]lclirllitliiry  cil:{l:ic[rlir:i[io[l  ]csul(~ of [IIC fulldalllcri(:ll  II I(;HAS  AI’S dcvicv. s[luc(ur~.s.

2. h’lo Noll’J’111(’”  111(;  :1/1s  .11;1;’1’
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liiGoAs  wi[tl  al] indiulll  rlIolc ffdc[icm of 0.53 is la[licc-r[]a[c!]cd  to Inl’, rr!ld  so call k growl .sIrdirl-free ori aII 101’
Sut)s[l;ltc 11’12.  ‘] ’]lis  frxcd  IrlOlc  fr:lc[iou lil~li(s  ~lIc dcsi~~,ricl  ({.1 ;1 Slwcific cut-off v.~;lVCIC1llJltl,  w}licll  }I:I[)[K’IIS  [0 t~: k’O : 1 . 7
Jlrll  for III ~,f3 (i;] ~j.47 As. lktcc[ors  wi[ll all III ~,f3 (21(] .47 As :K(IVC rc~iorl grou’11 or] IrII)  SUI)SII:IICS  lmvc bccrl rlmic wilh  d;lrk
CUIICIIl  dcIlsi(ics  (at -5V) d’ less th:trl  1 JINL-llll, (Iu:lll[ulll  CfflCiCIlcicS  :,rc:l[cr  Lllarl  W % ,  I)* valuds  grc:l(cr  llIalI  1012  C3i  ]]7
In ~v, ~11(1  s,][~rl:lr,(]sC~(JIl(l  risC-[illl  CS 3[ ruolll [crrlpcld[urcv5. ‘l”IIc d:llk  CUIICIII C: III tx rcdtlccd  by IIIOIC [tI:III ?(K) [i[llcs jlrs[
wi(ti Lllcrllioclcctric  coolil]{!.

III order [0 f:dwica[c  dctcc[ors  wi[h k) > 1.7 }Irll,  [Ilc i[tdiulll  rlicrlc frdc[ioll  Carl k i[lclc:lscd  bcyolld 0.53, bul [Ilis
lcquilcs  soIIIc.  scl)c]lic  to ]clax  Ltlc slr:tir], ‘l”hc  Sulxrl:t[licc  cor]sis(s  of Urycis OII [tic order of’  1 JIIII hicfillcss,  ‘I”lIc htticc
COrls[nrl[  of [lIc laym  tfI;It  is cIosrX  10 ~hc  sut)stru[c  is rqlml  [() OI rxily sli~),lltly  d i f f e r e n t  fro[ll  (tic  SutrStr:tlc  ( see  1 ‘ir,urc 1 ) .
} hch hycr gIOWII aftc]  [hat tms a la(ticc  COIIS(:IIII CIOSCI to LIIC Irl(i:l  As ac[ivc rc:ior]. 1 )isioca[iol)s  [lI:It ICI:IX (tic sh:lirl  nrc
o~ll~]~lt~~  ill [IIC []]i~~ I)uffer  ]:tycr,  t)u[ ~r~  ~r~lpl)cd  by [11(?  alJfuII[  llc[crc]jllllc[  ic)rts  trC.[wCC1l  supcvl:micc  I:ly(’l S, SO [t~ilt  tk(1
(Iisloca[i(nls  do r]ot corltilluc  irlto tlw aclivc rc’gimt,  lcavil]fl  i t  wi(ll  :1 low’ ck:fcct dc]]si(y. lklcc[ms  wi[lt slr;lill-rcl:lxcd
II IGo As :Ic[ivc IayCIS  with ilidiuill umlc.  frac[io[is  u~~  to 0.8? ltove Me]] gIOWIi usillr,  the suj)cll:l[ticc  br.rffc~ [cc}lIli(!uc  orl art
nil’ subs[rd(cl]’13. ‘1’llis  tccll[]iquc  h:IS also bccfl  used [o gruw s[r:till  rchxcd  IrIGiIAs  ou o G:IAs sutxt[;ltc  1’117, A[ this [illic,
(Iw la~p,cst  illdiulll  IIm]c frac-[ioll ttla[ has  t)ccll r~.[m[i~d  fol s~liiirl  rcl:]xcd  lJI{i:i  As ml a GaAs suhsh;ltc is 0..10, w’l]ic]l N less
[11:111  [IIC 0.53  IIIOIU  fl;ic[iort  of s[r:lill-free. IllCi~A~  orl lril’.

In l-x Ga xAs-_.———- —.—...—.-—
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2.2 hluar  I{ OUIII  ‘l”cIIqwtatu  Ie O1wr:ttion

II] illff:ucct  iltstl  uIiIcIJLs  Covcfillg  [hc SWII< rcp,iol), molillp,  is Iicccsw y oJily to rcctrrcc  tlm dark Cur!cllt  of dIc (lctcclor.
‘1’lIc back~Iould plIcr(oII  sif,lml  flcr]]i  tlw wariii  i[ls[lulllcll(  is all[lcrst ncp,ligib]c,  cxccpt  PCllirrps  al dle Iollf,cst  W(lVC]C(lF,(hS.

N o  cooling of the olItic:Il  SySICIII is IIcz(icd,  III SUCII  a low tmck~,roulid  e]lvi[o[llllclttl  tlm focal  plaIIc  sc~mitivi{y  is ultillla[c]y
ttckwllilmd by lhc Ro,A pIcKluc[ of (1IC pho[odiotlc.  “llIc nms[ cmmonly  used dc[cctor  tcclumlogifx  iII this region NC irdiu[[l
;Itl(illiotlidc.  (l IAb) and Incrcu[-y  cadlniulll [clluli(tc  (hl C.Tl”)  ldlotovo]t:~ic  dcIc.cto  Js. ItlSb rrquilcs  coolirlg, dowII  (0 ICSS  tll:in

WK, (IUC to its SHMI1  Mmdjyip (Xco = 53 pm); C.MC nmt bc mkc[l to CMUTC th:lt bnck~loumj  :If W: IVdCIIgIhS kHIf,CI UINI 2.5
illII  is flite[cd  out. };or hl(’’l”, ttm ailoy  Collccllh:l(ioll  C:III k. flxc.d  to l)rovide a baIK]f,al)  equal  (0 dm ]Ollf!cst  w:ivc]cl]gd[  to
bc obsc[  VCd (] ]:, os cd 05 “l’C.  fit 2.5 ~1111). ‘1’hc.  I:up,c.r  t}[lldgaj)  allows IIigllcr  tc.rllpcr:itulc  olxvation,  ‘1’here arc collli[lucd
cff{)rts 10 jIme:Isc  tlm opcIa[i]l: tc[[lpc.mtu[c of SWII{ MCY1” dctcctols.

Il)flwcd  detcctms bawl m! lItGaAs nlloys  offcl a so]utiotl  to tlw coll[l;ldick)ry clcr[l:ulds of hig]l scllsitivi[y  arid hig,]l
OIXI:l(illg,  (ClllpCl:ltulc. AIoIig  w i t h  h i g h e r  m[lpmturc  ol)cr~l[io[l COIIIC fur(lm possibk bcllcfits:  visit)lc  rcs~roltsc arid
IIlolwlitllic  arl:lys. lIiCia  As ][l(i[~[i:ii tms  II(M ~cccivcd IILUCII otknitiml  fol scicr]tific focal plfIIICS,  pIillt{~[ily silm i t  c[ulnot

ICSpOIId  ill  tlw 3.5 pIII 0 1  8 - 1? pIII atlllosJdlCric  wilidows  a~ M(U]’ e a r l . } lowcvc  I, ii is a lIIuch easier IllateIial  systcIII  ill
lII:IIIy ICSpCC(S t]lall  M~’1’,  Wtlich trdrls]al(!s  irl([)  po[cll[ia]]y  ]Iighcr  fip,  urcs  O f  Ill(!rit, ]IIfi3As  dckctors  t}lat IIWC trcell
fabI  i~:l(~d  aIId tested allcmly sl]ow Inr:,c ndvarl[a~,cs  owr coffcssmndi[lg  h4C’1’  dc(cctms. A [y])ic:il  IIG As plmtodc.tc.ctor
slluc(urc.  is SIIOWII ill l;if, urc 1.

2.3 l;i OlIt IIlulllilm(iml

]Il[cgroliorl  of t]w r eadou t  with d!c l,~lotodc[cctor has vmkcd vcIy  WC]] ill  si]icorl,  t)ut  :ittcllljm  at IIiolw]itllic  hf[~l’
:III:Iy  S )IWC IIIC[  with liiliited succcss :it best. ]<cscfircl  I into  circuit clcr(lclits  hwl 011 I[]G: IAs, lIOWCVCI, shows tliat  IIif>,ll
quality COlriJmllcllts  alc jmssildc.19 Jurlctiotl  frcld eft’cct tr~illsistols  (j]:l JI’s) aIId cl I:IIf,c couj)lcxt  (Icvicrs  ((’C’]  k) wi[ll  IIi:h
pmfol II IaIICC }I:IVC  rrlrc:idy twcll dcllmistliltcci  ill II IG:t As. \Vi[tl  lIICSC  CICIIICII(S,  [III ill fr:trcd focal [Ilal Ic co[lsis(iilp, of

}dmto(liodcs  aIId  aII illlc~,ratcd  ~c[ldout  is fca<iblc,

A focal ~)l:~rlc  capat,lc  of o~)cr:ltillg ill bo(lI tllc visible arid  tllc S\VIl<  cli[[~ifmtcs  (lICSC  collstfiii~~(s,  IcsultiIlg iIl a iIIuch
IIIOIC sil[ll]lc  and colllp{lct  illstrutllcrlt.  IILaAs dc[ecmrs  IIavc bccil f:it][iciltcd  ill frwitsidc  illulrlirlatcd  corlh~ul:ltior~s  t h a t
offcl  cxccllcllt  irlfr:llcd  rcslmIIsc  slid  good visible Icslmllsc.  (i(x}d qu:lr][ulll  cflicimlcy dow[l  to (),7 Ilrll was (lclnolis[r:tt(’d  01]
ii sl)cctr UII) of :111 llKi:i  As dCt(’CIOl  (k) : 1.7 }111)),  lilliitcd o[Ily by tllc 1])1}  C:tl] laycl  over tllc  ])ixcl,  ‘1’llis cdp layer” is
(Icl)osi[cd  epi[:ixi:llly  of)d c:ItI ca~ily M g,lo\\’11  Llli[lrlcr, o r  Clilllirl:l(cd,  to fur[}lel cllll:trlcc  tl}c  visitrlc  It’s~mm, ]’u](hcr
Ic.sc;ircll  i[]to diffcrcll[ passiva[iol}  kivc]s for tllc lII(kt  As surf:m will lc:id [o aliti-rcftec[ioll  co:l[il}~~,s  ill order [O illcrcasc  tllc
lifllll i[lto tlie  aclivc lcy,ioll  of lIIC diode. ‘1’lic Jcsul[  ()! t)lcsc adv:i  TIccs should tf {i focal lII:IIIC  Icsjwllsivc fl{)]]l trlow 2.5 }IIIL

wi(tl IIif, t] (Iuar][u(ll cfticicllcy:  i(le:ll  for rilally c:uth  IcliIo[c  Scllsirlg  applic:ltiolls.

hfi[~ia[u[i~n(ioll  of ills[Iull~ctlts  o~mrati(}f,  ill tlw SWII{ is ilillmlt:lllt  :IS al) clla\)lillp, tc.c}lrlo]or,y  fol a wide \,:\licty of
:I})[)lic:ltiolls,  l;O1 {)kllIct:uy  Cxl)loratioll,  for  cxoli Ildc, Illissiotl  co[lccl)[s  arc UII(ICI  (lcvclo~IIIIc  II[ foI :~ f:i$[  flyl)y of ])luto usi[lg
:i SIII:III  sl]:icccl;ift.  Additiolla]]y,  dlc cll:ll[lc[cri~.:([ioli of tllc hfars c[lvirolllilclit  ttlrou~,ll  tt)c USC.  Of :111 :tII:Iy of SIII:  III SC IISOIS

dlLlllpCd 10 1}1(’ s u r f a c e  i s  txi[lg (Icvclq)c(l.  1:01  l:,drltl rcl  IIolc scrlsiil~, Ilii[li:lturc il]strurllcllt$ }~i]] t~ illi])or[:{rlt foj f i e l d
rIIc;isu Icl  IIcl  I[s,  o[)cl:[liotl OII lip, tlt :Iircl:lf(, aIId a V:llic[y Ofo[tlcl l]lobilc survcill:illcc ;I[t[)li(:ltiofls, 20

3. CMOS AC’J’]J’lI;  I’]XI;I, ]N],l(; ]+; S]iNS()]lS

Ill Ill:llly  i[ll:lgitlp,  Syslctils,  il)tcflratiorl  of tlw illmy,c  sclIsoI  witil cilcuitly  for t r o t h  (Ilivillf,  tllc irll;ipc scIIsor  arid
])cIfoIIIlillf,  0[1-c]lil,  si~lml  l)~occssirlf,  is twccrlnilly,  irlclc:lsillf,ly  illlJX)ll;lllt, A hif,l) dc~,Icc of clectmlics ill(c~,r:ltiol] cm tllC

4



.

IOc;]t-plal]c  C:LII ~llat]le r[li[li:i[uriz;l~ioll of insuuxllct)[  SySICIIIS  ~11~  silIlplify  Systr_’111  in[~zf:lccs. Irl wtdi(ion  [0 good inl:l:ittg
I~CrfoII[lancc wi~h low noise, HO lag, m) .mmor  and gCXXI  [)l(mlrlirlg control, it is rJcsimt)lc  [O ]KIVC  rMdOOt :KCCSS,  sinq}k
C]c)Ck>  :111(1 f:l<[ rC:ldOLI(  J;l(es. ‘l~lC (kN’doplllcll[  d O COIll~)klllcl  l[llTy  II IC[:II-OX1(]C SL’Illlco[ld  UCtor (~l~OS)-COI[llJ~l(itl]{~”  irll;l~~

SCNISOr  [ccl) i]olosgy is tin inlportarlt  s(cp for higl]ly  intcyatc.d  x]lir)iattrlc  inm:itlg  systcv[ls sirlcc  ~M(N i s  w e l l - s u i [ d  f o r
ilil[)lclilcu[irlg  Or}-cllip si:rml  processing circuits. CMOS is also a widely ncccssiblc  ard wel!-und(xs[(ti [cchnology,

~~lk arc CrrIICIl[ly  Ltm tlo[rlilnnt  tcclInology  fo~ illmgc  sensors. ~~1 ) orlays will) high  fill-f:lctor, SIII:Ill  pixel sim
arid krrgc forl]la[$ have trccu acllicvcd find  s(nrm sigrml procc. ssil]p,  opcr; l[iorls }KIve  bCCII (Icrrlorls[m[cd  with cl):lr~,c-(lc)lll:li[l
circui[s. ~1-23 ]]ow’ever, ~~~] hi C:illrlo(  bc Casiiy ir!tCgrdtCd  Wi[tl [“hfoS  circuits dLIC (O addi[ioo:li  f:d)IiC;l(ioIl COIllp]CXl[~  alId

Jllclcawt  ms[. Also, ~~Ik arc higtl c.l~xici[allcc.  dc.vice.s  s o  [Iiat on-cl]ip C’hfoS (Irivc clcc[ro[]ics  would  dissip:l[c
I]lollibitivcly  high power Icvcls  for krrgc mm or-rays (?-3 W). l’urtlicrj[iorc,  ~~l)s  need Ilmrly  diffcrctlt  v(rlt:l~~c  ICVCIS [O

tvlsurc  high  cliargc  lrarlsfcr cfliciellcy.
IIccd (o :Icllicvc llc:lrly  pcrfcc[  ch:lr:c
susccp[itJility  I(O ro(li:ltioll  darrmgc.

‘I”hc rcodou(  r:l[c is Iirl\i[c(l due. k) ttlc illllcrcrjt  scqucll[i:d  readout elf_’~I)s and tlm
trarusfcr Cfficicvlcy [0 Ilmill[:lir]  sif,rmi fidcli(y,
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(TIX. also suffer frorll slllc:lr  arid
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}i~:.  2 Jl)I Aclivc I)ixcl  Scrlsor  (AI’S),

[l IL’ j)ikcl  ulli[  CCII.  S (ScL:l’l~urc ? )  I b i s  i s  ill  co[)[rils[  10 2 J):lwivc  p i x e l  2j)pro:Ic}I  ~11~1[  uscs  a si[[l[)]c swi[c]t tc) co[lr)ccl  t/Ie
~)lxcl si:,rml cli:~l:,c to lhc COlUIIIII bus cap:lci[:lrlCc.~4 Active ])ixcl scrlsorh dclllo[ls[r:l[c(i  if)w,cr rl(]isc rL,:ILiou[,  illll]rovc[i
scnl:ltjill[y  [o i:lr~,c  :irray  forlilii[$ :Irl(i hig, tlcl slmd Icu(iou[  colllp:llc~i  [0 pil$sivc  ~)ixcl  SCt ISOrs. l) Icvim151y  dcll~o[lstr:l[c{i
oc[ive J)ixci  scr]sor [ccllrloio~,i(,s includf  tlIL: mll~,lifj~(i  irle[:ii-[)xi(ic-s  cl Iliccj[](i~lc[cjl  irlla:l,cr (Ahli),2f C]l:llg(’  JllLd Uil(i[)Il
(icvicc  (( ’hli)), ~<’ buik Clmry,c lilmiuk]lcd  dcvicc  (}\(’Ml)),~7 b~lsC s[olL’d  illl[lSC  s~lls~l  (}]/~.$]S)2a  :lll(i  (hC S[:lti(’  ill(i(ll~(lo[l
[r:lllsis[()[  (Sii). ?9 Ai[tIou~~,lI  Afvlls:\rc  bo[lt  C’hf{)S-col(  ][J:i[it~ic:lll(i  ii:ll]ic [() iIl[c:, ro[iorl  V,, i[tl o[l-ctii~]  circtli(ry,  llt~isc iC~CiS
:I[i(i  i:i{j, C:lr] k :1 ptoblcrll  ciue [O (IIC  Llrlcorl{>la[c(i  rc’set  O[)cl:l[iofl 3’) (’hllk,  11( ’hfl)s  aTId llASiS  arc OISO :Irlic[l:lt]lt’  [L)
ili[c~,r:i(io[l  wi[ll oll-cl]i}]  circui{ry,  bu[ car) kx> ]ll:lcic (’h40S col[l~]:]tit)ic  OIIiy wit]] :Ici{ii[iolt:il  f:lt)ric:i[io[j SICIJS, S1”l’S alc
(ii fll(’Lli[ [oill[eg,r:i[  C$viLlt c>[]-ctlij]  circL]i[ry all Li;irc Ilc)[[’kloS co[[]~]:i[it]ic.

'1'1]~: ['hf()S~~tivc\ ]ixciscI)s~)rs(  ]csciit)c(li [l~)rc\i()tlsIc  I,(~IL31 :lTcillllcrLIltly  (’hfos-c(JIrlI]  :ltit]]~.  }:lc]l[~ixci urii[ccli

C(lll[:lills  H[l illl:l:~, ill:,  Cic’lllt’fl( :lrl Li LtIICC  Lr;]rlsis[ors  for rt’:Kio U[, SC] CC[iOrl  :Ir I(i rcsc[, ‘J”/Ic ir!l;lpcr i s  IC:I(I Otr[  :1 row :1[ [i [irll C

usi[]:  :1 coluljlrl  j):il:ilicl  1<’:IcIou[ :Irchi[cc[urc, ‘J’llc r(l:ljur irlrlt)v:i[io[l rc~mrlc’(i  iri j]rL~i(ous  ~IalICI  is  t}lc  u s c  of i[ttril-lJixci
Cil:ily, c (r:il)sfcr [o ailow  cC)r[c[:t(cCi-dc]  Litjic.-  s:ll(\~]iil\:,  ( (  ’i)S)  :IIICI  [)[1-ci]il) fIxc[i jx]ttclrl IIOISC  (} J’N) s~ll]~][cssiorl  circl]ilry
loc:l[cd  iri cm]) Collrr[lr}. ‘J’iIosc  it]rlov:ltiorls  wi]] o]iL)w,  !’c)I (]IC first  (i[rlc, :1 (’hfo S irll:i:c  sc[lsor [ o  :Ictlicvc  low rloise
r,crf{)r[ll:irlc~c  ol[l~):ll; lt)]c  LO:I~~(’]).  ]11 :Iii (llc,d~si:,[]sI:lr](i[)rll  :) CCCSS  isljossil)]~,a  iio\\,i[l:,”  sc]Cctivc  rL.;ldo~lto  f\vio(lo\isof
ill[crcst. ‘l”ilC  illiap,c scrm)rs  aIc ()~jcr:l(cd  wi(l~  (r:lilsistot-tr;lrisisl(~r ]o:l, ic clocks aII(i  2( Irl[)st [U,[)()[llcr ~iir~C[ cLlilcrtt \’ol[:lgl’S.
‘i”]iL’SC ilrl:l[T,C  sl’ll SorJ:lCilicvc(]  i;l[(>r:l]  t)i(K)rrlillg  coIl(I[)i  t]lrou~,]l  ~)r[)[)Cr  t)i:l$irlp,  O f  []IC rCs~t tr:lrlsis[or  ~o]:l~,or slrl  C:ll W’:1$



cvidcn(. l’hc r e s e t  aIId sigmrl  ICVCIS  arc read OU( di[fcrcn[i;dly,  ailowirl~g  c])s [(r suppms  k~’~  noise,  I/f n o i s e  aIId  f i x e d

p:ittclIi  noise frmll  tflc pixel.  1.OW noise and hi:]] dyrmllic  r:n]gc were achicvcd,  “l”hc usc of a mdi:l[ion  h:lrd ~MOS p[ocms
[o il[lltlcrlwll(  tt)c scrlsor  is OiSO a possitrili[y,  “l”IIC C,Mos active pixel irll:lgc sclisors  rcpor[cd e~rlicr lmd per fmlnfincc
sui[:ll)lc  for IIMIIy  a~]~)lica[ioris includiug  mbo[ics mld t]l:]cllinc  visicul,  guid:l[lcc  :Illd  rmvig:l[ion,  ar[olrloLivc applica(io[]s,
IIIId  consutlicr  ciectrouic.s  such as video  phollts,  colnputpr  ill[JI.J[S  aIId  }IOIIIC survcill;lrlce  dcviccs, I;uturc  dcvcloplllcrl[  will
]md to borh Oa]]sportablc  shipboard survcillnnce find scicrltifrc  sensors sui[:lb]c  for highly  ill[egro[cd  illl:l~ing  systcms  for
NASA deep space,  J)][lrlC~lly srmcccmf[  md I{lobilc  field co]rlcr:l

A schel[mtic  of tlIc base.liuc pixel dcsigl]  mld rcodout circuit used in ttIc CMOS AI’S arI:iys  is shown in l;ig. 3. 311c
pixel ulli[ ccl] is SIIOWII  within IIJC do[[cd  ou[linc. ‘Ilc illla~ing sUuc[uic  Coltsists  o f  a pho[ogatc (lW) wi(li J floa[irtg
diffusio[i  ou[I~ut  (1:])) scparalcd by a tr~ulsfcr gate ~l”X). 111 esscIIce,  a sIIIall  st]rf:lce-cll:i[lrlcl  CT]] 11:1$ bcm fabricntcd
within CaCh pixc].  ‘I”lIc  pixel  ur]it ccl] also contains a rcsc( tr;l!mistor  (Ml<),  ttw in~)u( t~iiflsistor of tlw in-pixel source-
followcr (MI-N) NKI a row selection [rar]sismi  (\IX).
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hrgmc 3. Scllc[lultic  of RC:KIOU[  (ir~ui[ of (’hlo S AI’S

‘1’llc Ic’:ldc)o[  circ Lli[, wljicll  is COIIIIUOII  to ;LII  cIl[ir L, colul  IIII of J)ixcls, irlc]udcs  [tic lo:K] [r:l[lsis[or  of [tic firs[  SC)l!rCC-
followcr (hfl  N) :irl(l two s~rrlI)tC  ~rlc] ]10](1  CircL)i[~  [(}E s[[)rirl~.  [IIC siq, rl:ll  IC,VCI ;\IId {l\c ICSC\ ICVC1. s;llll~)]ill~, bo[lI IIIc. IL’SC[

:Irld  Si~,ll:li  ICVC]S  [)CIllli[s  coII(!]:l(cd doub]c  sa!ll[l]il)g,  ((11)s)  \V]li  C]l  su[)~lrcsscs  rcsc[  Iloisc fIorll  (t]c flo:l[ir)g  (Iiff’llsiorl  rlOd(!  O f
lIK  ~]ixcl, :\IId  l / f  Imisc. aIId tlIICSIIO]d v:lri:i[iorls  f]ol[i tllc sc]l]rcc-!{)llcl~vt’l  [r:lrisistur  wi[llill  [Itc J]ixcl.  32”~i  1 :Iclt s:lrrl~]lc  :md
IIOILJ  ciIcLli[ Co[lsis[.s Of ii s;[lllJj]~  ~rlrj tlold swi[~k[  (NIS}IS or hfSIll<)  and c:l~]:lci[(]r  (~’s [Jr ~’]{)  :lrl([  ii col~jr[][l  so[lr~~-foll  L!V.’L!l
(hll’1 {)1 Ml’?) arl(i colurl]rl  sc]cc[iorl  [r:lrlsis[or  (hl Yl Or hlY?) [[o t]u[’fcr  [tic c:[J,:lci[or yo][:Ip,cs  :ITILI  [O  dr ive  [tlC nigh
C:ll]:tuitarlcc  llori70rl[:ll  bus  at ]li~],tlcr rcodou[ Sjxcds. “I”tlc  low! tr;lrlsis[ors  of [tic colu[ri[l  so~}tcc-foll[)}~cl~”  (hll ,1’1 arid
hll l)?) :itc co[llrllorl  [O  LIIC c[jLirL; ~II1~IY  of ~]ixc]s, ]’-c]l:]rl[lcl  sotrrcc-f(~jl[)t~,cr>  :Irc USC(I irl ttlc ~o]~]r(lrl circLlit  [O coril[jcr)s:ltc
for [Ilc Icvrl  slliflili$,  {~f [IIC sigll:ll  due [0 11-c}l:lrlrlcl  source follo~vcrs  witl]irl  tile ~]ixels, ‘1’hc su[[lrli:iry of tll~ (’hlOS  A}’S is
f~ivcr] ii] [able 1,c.
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V[ P?cl[  hfl J’?
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ltlcnwrit

Ml{
MIN
MX
Ml N
MS1l}<,MS1lS
MI’ 1, MI’?
MY 1, MY?
MI.l] 1, Ml,l12
hf~ll
MS 1, MS2
Cs,m
Cs, CR

I’uncl iw Sizt,
ltl-pixel reset trilllsisto 3/?
In-pixel Source-fol]owef illpu[ (j~
Row-sclcc[irm  swi[ch 6/?

l’irs[  source-fc)]]~w~r ]o~d 3/4
SOrr)[JIC ~l)d hold switches 3/2?
Colur[lrl source-foilowcr irlpu(s 1 ~y’2
Cf)lurlk[l-sclcctic)[)  Swi[cllts 1 ?(y~
SccoIId source-follower Io:lds 30/2,
f2rowbar switc]l 3/2

Gowkir  sclcctiorl  Swi[cllcs 312
Silrllple  OIL(I IIold c:~pacitors lp} ‘

hfodificd  saIIIplc aIId  lIold ca[]oci[c)rs 2.3 pl;

b), Reset

7



‘J’hc opcra[ion  of this imgc sensor is illustr:]trd in Iigs. d(a)-(d). “IIIC rilil volLI:es  VIID and VSS are .wt nt 5V

a[d O V rcspcctivciy,  and tbc transfer yrtc 1’X is bi:iscd  at 2.5V, l?IC load transistors of tk in-pixel source-follower ar]d the
colutni)  source-followers (Ml N, MI ,1)1 and Ml ,[>2.  ill Fig. 3) are d.c. biased at 1.5V and ?.5V respcctivc]y.  During [k
sigll:ll  irl[cgr:l[ion  period O;ig. 4(a)), pbo~ogcncro[cd  clecwons arc collcc[cd urldcr  [Ilc surface-ch:ulnel pho[og:l[c  PG biased
:It 5V. 7’lK reset transistor MI{ is biased  at 2.5V to act as a lntcral nnti-blocullillg  drnin, allowing excess signal cilargc (o
Ilow [o the xc.set dr:iirl.  ‘Ilc row-se.  fcctioti  tl~tnsis[or  MX is biased off at O V. Iollowing  sigr]ol illtcgratiou,  an co[irc  row of
[]ixcls  :Irc rc:ld out sirliult:lllcously.  I:irs(,  ttLc pixc!s in Llic row to k read out NC addressed by cll:ibli]tg  row sclcc[iou  switch
MX. “llcu the floati]lg diffusiou  output ncrdc of the pixel (l’l))  is reset by b[icfly  pulsirlg  the reset gate of Ml< (O 5V. his
rcsc[s l]) [o aI]proxirIl:ltcly  3.5V (J~ig.  4(b)). ‘IIC outpu( of ttlc first sourcz-fol]owcr  is sanlplcd  onto capacitor CR at ttIc
bottollt of the column by cmblinp, smlple  m]d bold switc-11 MSIIR, “Ilcn,  I)G is pulsed low to O V, trwlsfcrlirtg  tlic signnl
ch:irgc (O I:IJ (1 fig. 4(c)). “1’k [KW OUI[)U[ volt:l~,c  is sarrlpld OIILO  capacitor CS by elmbli{~g  MIIi~Ac.  md bold switch MSIIS
0’iS. 4(cI)). ‘llc stored reset arid signal levels arc scqucrl[i:illy  sc:lrll]cd  out tbrougb [be secoIId set of source-followers try
clmblillg  ~olur[lrl address swi[cllcs  MY] arid MY2. ‘Ibis tilllitlg  scquerlcc  is SIIOWII irl l:ig. 5.
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l“igrrrc  5. l’irrlir)g for ~’,MOS Af’S Rcodout

“1’tIc objcc[ivc  of [t)is research is [o dcvclo[I  a f{)rw:ud  lookirlg  foc:il plar]r :Iri:ly scrlsor  closely aligl~cd orl o
lilt~lmii[llic  aclivc Jlixcl fralrlc  ill [v,,o diffcrcllt selcc[cd ~):lircd  IIyiwr s~wc[r:il  b: IrIds  (c)lIc  ir) visit}lc for p]lysic:tl  obscrv:ltio[]
:IIILI [l I L

> o[l Icr for frrl]c[iorl ai sc:lrlrlir]:, irl 2.o - ?.5 }Lr[i  tr:lrls]l~issioll  sl)cc[r:li v,, irldow of :Iir ) for c]ll[[cr  Ic(luctio[] ar]d
c]ll]:irlcerilcll[  of [tic desired fea[ulcs  for N:ivy :lpplica  Liorl i!] relllcdi:[l  action  control, survcillatlcc,  arid plccision s[rik.

‘l-tie succc’ss  c~f [111s  [Jrcrposai Lfcpcrlds  llt’:ivily or] [I)c  scr]sirlg arid fc:ldout  struc[urc.. ‘1’bus, 01](irlli7a(i0rl  of die
Ill:ljor  par Ls, SUL’}1 :1$ ttl(’  Sctcc[i~Jrl  of III(;:i  As rrl:l[cri:l],  f:)t)lic:l[iorl  C:ll):lt)ili[y  of [}IC rc]i:lt)]c  J] ],”1”  s[r[]c(L]ILs fol [}IC dCSi~ll  Of
ac[ive I)ixci scrlsors. lif’fcctivc  dcsi~,[l  of tllc  rc:idout  circLli[, is :11s0  vi[:ll  f:lc[or [0  sUL’CCSsfU]ly  irl[c~,ra[c ~ttc SyStL’111  [0
(Ictcct [tie  rrlul[lspec’[r:ll  Scl]sor :lrl:Lys,
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Multipullnsc  Microclccwonic  Advanccd l.ascr  ScalIllcr N J1’1,. ‘Illc C(rnvcntionfl]  lock-in anlplifying  sys[ctll  (ogcd]cr with
ac[ivc rcxlout  electronics will bc app]icd wid]out  Illilti:lltl[iz:ltic)ll  for Lhc rks~ [’hale ollc-year fc.asihility  Icscarcb,

lnfrarcd  and visittk  focal plane ar][lys  arc ~lIc critical col[tporlcnl.s  in cxis[ing  and frrlurc  mobile weapOn sys(cxns
for Iligll[  aIId day vision ill Navy activi[ics.  lhral  11< scallrlirlf,  sys[crns welc only  applied for crlharicing  (lIC desired fca[urcs
iIl survcilhm.  IIowcvcr,  tlIc pbysicfil  (visible) and functiorml  (11<) irlla~,cs of tbc. San)c object obtained by tlIc Sarrlc  fc~al
plane aII:Iys arc vital to aII opclator  to MIX inln~cdin[c  action witltout cx[ria  processing of the data froiil  two different
scmor anilys.  ‘lhis CaII bc acllicvcd  by t}ic active pixel drral(VIS/11<)  bards staring  focal p]anc arlays even nca[ roorll
tcrlipcriltrrrc.  “1’his  could bc an rcvolu[ionaly tccllno]ogy for a wide rat]gc of concc[ional  action, i[nprovirlg  spatial as WCII
as tc.IIIpoml  prolilcs  for field survcilkulcc  and missile wanling.

If ttlis effort is successful, tbc following. two years will k conccnha[cd  [o integrate a prototyl)c  of a mit]iaturi~cd,
aIId lllcrbilc systetn for the tccllno]of, y transfer.

S. AC,K hTOW1 ,K1)(;  M I/, N’J’S

“I”}ic aut}]ors  appreciate tlIc a$sistatlcc  of l)rs. ‘1’.  N. KTabaclI al]d }1 I’sill of JI’I,  and l)r. (i. Olscn of Sensors
lJIllirlii[cd ill discussions, ‘Ibis work wa$ slrpporltcd  by ttIc grarits of the ON1{ NOOO14-97-1~-0041 and JI’1, 2(M- 1111;02.  ‘1’hc
lcsearcll  (ksc~itxxl ill tflis paper was carlicd  out by tllc Jet l’lo~~ulsion I aborii(ory,  Glifori)ia  ]nstitutc  of l’cclITIology,  unckr
a co[ltlact  wittl  (bc Nntional  Ac~o[lautics  aiid  Space, Adrl~illisttii(ic)r~. Rcfe.rcncc hercirl to aliy s]xcific  Colllrncrcial  product,
]Hocc.ss,  o[ scrvicc by tracfc tIaIIIC, LradcIIlnrk,  rilfi[lufactort,r$ or otlml wise ,  dots  rmt colis[iln(c  OI il[lply cndorsci[mlt  t)y tlm
U~liKxt S(atcs GovcIll TI~cIIt or tl]c Jet I’loj]rrlsioli  1 i]bor:l[ory,  Ckrlifol-nia  in.stitutc of “1’cchnolosy.
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